ABSTRACI Multivessel coronary spasm has been described but its incidence in patients with variant angina still remains unclear. Thirty-three patients with variant angina were studied during coronary angiographic examination with selective intracoronary injection of acetylcholine (ACh). In all but three patients, the location of ischemia during attack was determined by the electrocardiographic findings, by exercise 201T1 myocardial scintigraphy, and by two-dimensional echocardiography during a hyperventilation test, and the coronary artery (or arteries) responsible for the attack was predicted before the study. ACh induced spasm of at least one coronary artery in all but one patient. ACh induced spasm of both the left and right coronary arteries (i.e., multivessel coronary spasm) in 24 patients: in two of the four patients who were predicted to have spasm of the left coronary artery, in six of the 11 predicted to have spasm of the right coronary artery, in 13 of the 15 predicted to have spasm of both the left and right coronary arteries, and in three of the three in whom coronary artery responsible for attack had not been predicted. This ACh-induced spasm of the left and right coronary arteries occurred separately and no patients showed hemodynamic instability during attack. In one patient in whom multivessel coronary spasm had been predicted and ACh failed to induice coronary spasm, ergonovine maleate (0.2 mg) induced spasm of both the left and right coronary arteries simultaneously, resulting in severe prolonged hypotension. Nineteen of the 25 patients in whom multivessel coronary spasm was documented showed angiographically normal or nearly normal coronary arteries after administration of nitroglycerin. In conclusion, multivessel coronary spasm is not a rare phenomenon but can occur or be induced in many patients with variant angina, especially those with normal or almost normal coronary arteries in a Japanese population. 
ventilation test, and the coronary artery (or arteries) responsible for the attack was predicted before the study. ACh induced spasm of at least one coronary artery in all but one patient. ACh induced spasm of both the left and right coronary arteries (i.e., multivessel coronary spasm) in 24 patients: in two of the four patients who were predicted to have spasm of the left coronary artery, in six of the 11 predicted to have spasm of the right coronary artery, in 13 of the 15 predicted to have spasm of both the left and right coronary arteries, and in three of the three in whom coronary artery responsible for attack had not been predicted. This ACh-induced spasm of the left and right coronary arteries occurred separately and no patients showed hemodynamic instability during attack. In one patient in whom multivessel coronary spasm had been predicted and ACh failed to induice coronary spasm, ergonovine maleate (0.2 mg) induced spasm of both the left and right coronary arteries simultaneously, resulting in severe prolonged hypotension. Nineteen of the 25 patients in whom multivessel coronary spasm was documented showed angiographically normal or nearly normal coronary arteries after administration of nitroglycerin. In conclusion, multivessel coronary spasm is not a rare phenomenon but can occur or be induced in many patients with variant angina, especially those with normal or almost normal coronary arteries in a Japanese population. Intracoronary injection of ACh is a useful, safe, and reliable method to document multivessel coronary spasm in patients with variant angina. Circulation 77, No. 3, [535] [536] [537] [538] [539] [540] [541] [542] 1988 IT HAS BEEN ESTABLISHED that coronary spasm is the cause of variant angina. [1] [2] [3] [4] [5] [6] Although the site and degree of coronary spasm may vary, it usually involves one coronary artery.1' 5Previously, several reports have described cases showing spasm of more than one coronary artery (i.e., multivessel coronary spasm).7'-2 However, there have been no systematic studies on multivessel coronary spasm and its incidence in patients with variant angina remains to be determined.
Recently, we developed a new method for provocation of coronary spasm in patients with variant angina, i.e., the intracoronary injection of acetylcholine.13 By this method, coronary spasm can be induced with an incidence comparable to that with ergonovine maleate, and moreover, selective provocation of the left and right coronary spasm is possible. Thus, even though spasm of one of the coronary arteries is induced, provocation of spasm of the other is still possible since the effect of acetylcholine disappears quickly and induced coronary spasm resolves spontaneously (within a few minutes) without 
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pacemaker was set at 40 to 50 beats/min. Relations between the focal spot, the patient, and the height of image tube were kept constant.
Intracoronary injection of acetylcholine was performed as reported previously. 3 17 Acetylcholine chloride (Daiichi Seiyaku) dissolved in 5 ml of warmed 0.9% saline in incremental doses of 20, 50, and 100 Kg was injected into the left coronary artery. The left coronary arteriographic examination was performed when ST segment changes and/or chest pain occurred or 1.5 to 3 min after each injection. Acetylcholine in incremental doses of 20 and 50 ,ug was injected into the right coronary artery and the right coronary arteriogram was obtained in the same way described above. When induced coronary spasm did not resolve spontaneously within 5 min or hemodynamic instability occurred due to coronary spasm, 100 to 200 jig of nitroglycerin was injected into the coronary artery involved. Patients in whom nitroglycerin was injected into the left coronary artery before the intracoronary injection of acetylcholine into the right coronary artery were all excluded from the present study since this procedure was likely to influence the induction of spasm of the right coronary artery by intracoronary injection of acetylcholine. When coronary spasm occurred spontaneously during the coronary arteriographic examination, the intracoronary injection of acetylcholine into the coronary artery involved was not performed.
If coronary spasm was not induced by intracoronary injection of acetylcholine in either the left or right coronary artery, 0.2 mg of ergonovine maleate was administered intravenously and left and right coronary arteriograms were obtained. In all patients, coronary arteriograms after sublingual administration of nitroglycerin (0.3 mg) were obtained at the end of the study to estimate the presence of fixed stenosis, especially at the site at which spasm was induced.
During the study, arterial blood pressure and a three-lead ECG (I, aVF, and V3, or V4) were continuously monitored on an oscilloscope with the use of a San-ei polygraph 361. The data were also recorded on a magnetic tape with a Sony data recorder NFR-3000. A standard 12-lead ECG (Fukuda Denshi FD-61) was recorded at appropriate times, with a radiolucent carbon electrode used as the chest lead electrode.
Data analysis. The diameters of the right coronary artery, left anterior descending artery, and left circumflex artery at the proximal, mid, and distal portions were measured with calipers at end-diastole from 35 mm coronary cineangiogram that were projected on a 9 x 12 inch screen. The coronary arterial diameters were measured before and after administration of acetylcholine or ergonovine maleate at the site that showed the greatest changes after drug administration. Alterations in coronary arterial diameter after acetylcholine or ergonovine maleate were calculated as percent changes from the control. Coronary spasm was defined as severe vasoconstriction associated with an attack of chest pain and/or ST segment changes on the ECG. 8 Coronary arteries were divided into 15 segments according to American Heart Association Committee Report.'9
Results
In 55 of the 64 left and right coronary arteries in 32 of the 33 patients, coronary spasm was induced by intracoronary injection of acetylcholine ( coronary artery was induced separately by injection of acetylcholine into each artery.
Spasm of the right coronary artery induced by intracoronary injection of acetylcholine spontaneously resolved within 3 min in 20 of the 30 patients. In the remaining 10 patients (six group 2 patients, three group 3 patients, and one group 4 patient), nitroglycerin was injected into the right coronary artery since sinus arrest or sinus bradycardia and/or atrioventricular block due to right coronary spasm persisted (although these bradyarrhythmias had been controlled by the temporary right ventricular pacing). None of these patients showed hemodynamic instability during induced coronary spasm. Five patients, however, had ventricular arrhythmias, including premature ventricular contractions and short runs of or the nonsustained form of ventricular tachycardia during induced attack, but these episodes reverted to normal sinus rhythm without administration of any antiarrhythmic drugs. Incidence of multivessel coronary spasm. Multivessel coronary spasm was induced with a surprisingly high incidence (76%) in the patients with variant angina studied. Before the arteriographic examination, only seven patients (21%) were predicted to have multivessel coronary spasm on the basis of electrocardiographic changes during spontaneous attacks. However, the results of exercise 201T1 myocardial scintigraphy and two-dimensional echocardiography during the hyperventilation test predicted multivessel coronary spasm in eight more patients16 and thus multivessel spasm had been predicted before the angiographic study in 15 (45%) of the 33 patients. The fact that multivessel coronary spasm was documented during angiographic studies in 14 (93%) of these 15 patients indicates not only the high sensitivity of the intracoronary injection of acetylcholine in the induction ofcoronary spasm but also the usefulness and reliability of evaluation of coronary spasm by these noninvasive methods.
Most surprisingly and importantly, multivessel coronary spasm was documented with a relatively high incidence (53%), even in group 1 and group 2 patients in whom multivessel spasm had not been predicted before the study; that is, coronary spasm was induced by acetylcholine in the artery not responsible for spontaneous attacks in eight of the or insignificant coronary stenosis (< 50% of the luminal diameter) (table 1), we believe that the spasm induced by acetylcholine in the coronary artery not responsible for spontaneous attacks in these patients was not "an artifact" induced by acetylcholine but was a pathologic one. We recently examined the effect of intracoronary injection of acetylcholine in 86 patients without variant angina or angina at rest and found that coronary spasm was never induced in any of them.26 The data thus confirmed a remarkably high specificity of this method for the induction of coronary spasm.
We previously reported that injection of acetylcholine into a coronary artery not to be responsible for spontaneous attacks did not induce spasm in this artery.13 The difference between the previous findings and the present ones is a result of the designs and methods used in the study. In the previous study, acetylcholine was first injected into the coronary artery predicted to be responsible for spontaneous attacks based only on the electrocardiographic findings (in 16 of 28 patients this was the right coronary artery) and an intracoronary injection of nitroglycerin (100 ,ug) was given when acetylcholine-induced spasm did not resolve within 2 min. In all the patients in this study, however, acetylcholine was first injected into the left coronary artery and then into the right coronary artery, and patients in whom nitroglycerin was used for the relief of spasm of the left coronary artery were excluded from the study since such a procedure seemed to affect the attempt to induce spasm in the right coronary artery. The strict protocol of the present study thus led us to find a high incidence of multivessel coronary spasm in patients with variant angina.
It is of interest that most patients (76%) in whom multivessel coronary spasm was demonstrated had angiographically normal or nearly normal coronary arteries. This finding is consistent with most case reports of multivessel coronary spasm previously reported.
Although the present study still cannot clarify the entire mechanism of coronary spasm, the data suggest that not only regional factors in the coronary artery but also neurohumoral factors play an important role in the genesis of coronary spasm in patients with variant angina.27
Limitations of the present study. It should be pointed out that the incidence of multivessel coronary spasm obtained in the present study is not necessarily applicable to the whole population of patients with variant angina. Patients in whom spasm of the left coronary artery was induced and in whom nitroglycerin was used before the study of the right coronary artery were excluded from the present study. In 
